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Description 



De8CnP r rhemical transformations is . 

Background of the invention bia , cells t0 effect ^"^Sn, ruptured cells or whole 

The use of enzymes derl ^ e t d J s r rm a t ions, the cell-free enzyme 'P^P 3 /!' , s ^ n be efficiently used in 

recover/ of the product of the cor^ye jocatalysts po ty e thylenimine and 

reaction medium. In U.S. PJJ™ * '^.jon 0 f an enzyme cgowm e . Qns , n a o tne 

which involves mixing an *Jid by the addition of an alkal. or mowc g 6lyfunctlona i 

form a product which can be ^Jjji,^,, patent, solid chitosan « W «J "JJ solution 0 f an enzyme. 
20 Imbodfrnent jSSSi «l '^SK SAwPK 

t« , ast^ i ^ pub , shed as ^p^^s: 

European Patent App .cat. on 83 «2 «« P {locculating ag ent d cross J ^ n cons V ng of a milled 

friction plate as rotor situated m a y ^ Q AS 2 , 37, M2 ^tner .ndustry-The 

» Soused for »* iphMnawn « «m .^totheconvOTionofg^tofruc.™ 

which involves the use of an enzym 
arborescens. 

40 Summary of the invention > mobilization of an ^J^^S^-. 

600 Daltor,s with a pnmary ammo oto m , orm , 

— — »* "V" ! m and **. «» 



end proauui i^-a ~- . ' . s 

DeSC rmettt 

as well as the sucrose mu , ta i o e P r °, e , up0 n homogen.ang F. «^""JJ, e enzyme is observed, 
e^acellular enzymes as wel . For e«mp.e^ P tt lrnm obilizat.on o * JjVJ^iS, and concentrated 

g Sose isomerase ^^^^JS, grown in an ^jS^Ttut 10% (by weight dry 



0 133 531 ^ cQuld nQt be rea dilY 

somewhat different, sue r*JJ*» tne ..^JjgSi aggregate ^ !^5„a groups 
5 method of recovery 's ^ 

cell aggregate could be «f ^ des.red.mmoN ^ groupco " „ place d in 

maximum hardness or the £ eh de can partially deactivate Saccharide obtained by 

first, in some cases, 9> ut * * ° e ,J des ired. mean a polyamino P°^\ ac X rein the primary 

first when maximum 3 ^'^, herejn „ intended to mea g polysa cchar.d , where of * 
The term chitosan , asu ■'^■ 8n i # ,affno%luco8e. In general about on lated The 

20 N-deacetylat ion "J*'™ ™, B is 2^«^^?SIStia»>Y a" the rep6 f^„ reaction. Chitin, which is 
repeating unit .n ^^SSU whereas i" *rt^ n of the deacetylatK) J d d by 

units in chitin is not acetyl te ■ Ued b y the severity fungl and yeasty re y bundant ly 

containing me r d '" 0 l a b n S ? s soluble in dilute aqueous ac.d. ^ js formed an >n^ n 

that may inhibit ■J-g^^S'S. immobilized enzyme win ^ 
of from 4 to 26 we.ght percen ., utara ld e hyde combine to ^form dried 

product which can be removed f o b ,ocatalyt.c conve the s ol.d react-on P ^ 

Sen into particles .and lujd for^ ^ ^ matenal can b« °bta m ^ extrudmg he «f ja f 
thetamoredewabtap^^ 
45 form a wet cake con^ whU allowmg ^ ^ etar {or the 

spheronized I P«**« 5 a e with a gradient c oss secW ^ j I platan , results 
so annular or doughnut-UKe way diame ter, by the™™' ^characteristic disposition oun_ ■ between 
short Pieces, ideaU^ 

intergranular collision ano ^ ng of the pla« a does not „ „th , ex and(tnere fo re 

55 s^^^^SSSs 

the final shape of the mater descr ,bed .s a *P ne ., hand | e d spheres. Too loW a 

plate. The ^°ZfJ t X^Mo small, ^^^'t within the range set out ^above 
Immobilized preferably have ■ • wate ^Jhho *• . i » ,hM !?S^ pS^*^ ^ 

. es velocity ^ forming spner 
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(tangential velocity=RPM-s-60 xnx diameter of plate). Accordingly, the rotation of the 23 cm diameter plate 
would be from 374 to 1 ,000 revolutions per minute in order to achieve the desired spheronization results. If 
the rotation speed is too great, the plate will tend to spin the extruded enzyme aggregate against the 
cylinder wall which will create undesirable particles, whereas rotating the plate too slowly will not achieve 
5 the desired spheronization since there would not be provided sufficient momentum within the spinning 
mass for collision and friction as a down-sizing and spher nizing force. After their spheronization, the cell 
aggregates are dried, typically in a fluidized bed dryer. 

The enzyme activity of the spheronized enzyme aggregate particles is roughly equivalent to or higher 
than that of ground particles indicating that the spheronization procedure is advantageous in terms of 
w providing a particle having suitable biocatalytic activity. Aside from providing spherical particles which are 
inherently easier to handle than those of irregular shape, the spheres prepared by this process exhibit 
greater physical toughness and extended enzyme productivity in a reactor. 

The method of practicing the present invention is further illustrated by the following examples: 

is Example 1 

A liquid culture medium consisting of 7% corn steep, 1.4% sweet whey powder and 0.15% yeast 
extract was adjusted to pH 8.3 whereupon 1,000 liters of the resultant were placed in a 1,500 liter fermenter. 
The media was sterilized for 60 minutes at 121°C, inoculated with F. arborescens strain ATCC4358 and 
incubated at 30°C for 18 hours. The glucose isomerase containing sells w g re then concentrated from the 

20 fermentation broth by centrifugation on a Westfala Model SAMR5036 centrifuge with a self-cleaning bowl. 
The concentrate was estimated to contain approximately 10% dry matter. Virtually no cell disruption 
occurred during centrifugation. The cell slurry pH was adjusted to 8.0, then heated to 70°C and held at 70°C 
for 15 minutes whereupon it was cooled to about 25°C. Little if any glucose isomerase activity was 
inactivated during the heat treatment. The heat treatment served two important functions: 1 ) it aided in the 

25 recovery of the cell material after immobilization, and 2) it inactivated a co-produced protease associated 
with the cells. 

To 200 ml of heat-treated cell slurry, 1,000 ml of deionized (Dl) water was added with stirring 
whereupon 40 ml of 5% (w/v) PEI (P-600 Cardova Chemical Co.) was added to the diluted cell slurry. After 
the PEI was thoroughly mixed into the slurry, 20 ml of 10% (w/v) glutaraldehyde (prepared from 25% 

30 commercial glutaraldehyde) was thoroughly mixed into the slurry. Then 200 ml of 0.25% (w/v) chitosan 
solution was added. The pH after chitosan addition was 7.8 which was adjusted to 8.0 with dilute sodium 
hydroxide. The pH values have ranged from 7.0 to 9.0 during this immobilization process. For this particular 
organism a pH of 8.0 has been chosen mainly because below pH 7.5 the f Peculation process does not seem 
to be as pronounced as it is at pH 8.0. The chitosan solution was prepared by mixing the appropriat 

35 amount of chitosan to make a 1% solution in Dl water. Then glacial acidic acid was added to a final 
concentration of 0.5% whereupon the mixture was heated to 60°C while being thoroughly mixed. 
Practically all of the chitosan dissolved during the heating step. The hot solution was then diluted fourfold 
with Dl water, and then filtered through Sharkskin filter paper on a Buchner funnel. The filtrate was cooled 
to about 25°C and then the pH was adjusted carefully to 5.0 with 1 IN sodium hydroxide. After the chitosan 

<o addition, the slurry was left in a quiescent state for one hour. At this point, the cell mass was collected on a 
Buchner funnel and the cell cake extruded through a 1.0 mm die opening. After further dewatering the 
extruded material by drying at 60°C it was ground into particles that passed through a 30 mesh screen but 
were retained on a 40 mesh screen which particles were then assayed for glucose isomerase activity and 
particle toughness. 

45 The glucose isomerase activity in the particles was determined by placing a 0,1 gram of the enzyme in 
a 250 ml erlenmeyer flask and adding 50 ml of substrate [2 M glucose, 20 mM MgS0 4 ■ 7H 2 0, 0.5 mM 
CoCI 2 • 6H 2 0 and 20 mM Hepes (N-2-hydroxyethylpiperazine-N'-2-ethanosulfonic acid) buffer adjusted to 
pH 8.0]. The dried particles were allowed to hydrate for about one hour at room temperature. At zero time, 
the flask was placed in a 60°C water bath. The flask was agitated by a shaker water bath at a rate that 

so provided particle movement. At TO minutes and at 70 minutes, a 0.1 mi sample was removed from the 
assay mixture and added to 4.0 ml of 0.1 M HCI0 4 . The amount of fructose formed was determined by the 
cysteine-H 2 S0 4 method (Dische, Z. J. Biological Chemistry, Vol. 181, p. 379, 1949) by incubating 0.05 ml of 
sample with 0.5 ml of 5% cysteine and 4.5 ml of 75% H 2 S0 4 at 37°C for 30 minutes and reading the 
absorbance at 412 nm. A unit of immobilized glucose isomerase activity (IGIU) is that amount of enzyme 

55 that produces one micromole of fructose per minute. 

The particle toughness was determined by measuring the work required to compress 20 to 40 mesh 
particles hydrated in 2 M glucose at pH 8.0 using an Instron Universal Tester Model 1 102. Afull description 
of this method is given in European Patent Application No. 83 102 649.7, published as EP— A— 90276. The 
particle toughness is given in units of kg-in. 

50 Treating 200 ml of cell slurry by the above described immobilization process resulted in 21.1 grams of 
dried material with an activity of 421 IGIU per gram and particle toughness of 3.9 kg-in. 

ExampI s 2 to 5 

Different levels f PEI were added to the heat-treated cell slurry of Example 1 prior to adding 
65 glutaraldehyde and chitosan. After adding the reagents for immobilization, the cell mass was collected, 
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extruded, and dried as described in Example 1. The following table (1) demonstrates the particle integrity 
and activity at various concentrations of PEL Particle integrity and yield of immobilized enzyme are shown 
to improve with increased levels of PEL 

TABLE 1 



Immobilized enzyme 









Reagents 
(g/l of cell slurry) 




Particle 
toughness* 
(%) 


Activity 
(IGIU/gm) 




10 


Example 


PEI 


GA 


Chit. 


gm/l 




2 


10.0 


20.0 


2.5 


180 


486 


101 


15 


3 


15.0 


20.0 


2.5 


281 


401 


108 




4 


20.0 


20.0 


2.5 


394 


475 


112 




5 


,25.0 


20.0 . 


2.5 


299 


619 


128 


20 


* Particle toughness 


as a 


percentage of Example 1 particle toughness. 







25 



30 



Examples 6—24 - , . 

Different levels of glutaraldehyde were added to the cell slurry after the PEI addition as described in 
Example 1. The influence on activity and particle integrity at two levels of PEI are illustrated by Table 2. 
Particle toughness is shown to increase as the glutaraldehyde level increased. The activity yield is shown to 
be inversely related to the glutaraldehyde level. The loss in apparent activity could result from the chemical 
reaction of the glutaraldehyde with the enzyme in such a manner to inactivate the enzyme or the 
glutaraldehyde may react with cellular components that may result in increasing the mass transport 
resistance of the substrate and products of the enzyme reaction. The results in Table 2 also show that more 
mass of immobilized enzyme was obtained at the higher levels of PEL 
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TABLE 2 



Immobilized enzyme 



5 






Reagents 
{g/l of ceil slurry) 




Particle 
toughn ss* 
(%) 


Activity 
IGlU/gm 






Example 


PEI 


GA 


Chit 


gm/l 


10 


6 


10.0 


5.0 


2.5 


104 


438 


104 




7 


10.0 


10.0 


2.5 


100 


421 


105 




8 


10.0 


20.0 


2.5 


162 


403 


109 


15 


9 


10.0 


30.0 


2.5 


208 


270 


115 




10 


20.0 


10.0 


2.5 


152 


409 


114 


20 


11 


•20.6 


20.0 


2.5 


* 216 


367 ' 


123 




12 


20.0 


30.0 


2.5 


241 


336 


135 


25 


13 


10.0 


5.0 


2.5 


94 


690 


108 




14 


10.0 


10.0 


2.5 


125 


502 


105 


30 


15 


20.0 


5.0 


2.5 


129 


705 


111 




16 


20.0 


7.5 


2.5 


130 


GRn 


1 to 


35 


17 


20.0 


10.0 


2.5 


162 








18 


20.0 


20.0 


2.5 


244 


436 


123 


40 


19 


10,0 


5.0 


2.5 


132 


458 


1 uo 






lU.U 


7.5 


2.5 


148 


495 


105 




21 


10.0 


10.0 


2.5 


196 


410 


104 


45 


















22 


20.0 


5.0 


2.5 


182 


487 


102 




23 


20.0 


7.5 


2.5 


213 


384 


114 


60 


24 


20.0 


10.0 


2.5 


258 


383 


117 



*See Table 1. 



Examples 25 — 30 

55 Immobilizations were earned out in which the chitosan level was varied. The procedure set out in 
Example 1 was used using two different levels of PEI and glutaraldehyde. The effect on activity and particle 
toughness are shown in Table 3. Increasing the level of chitosan improved activity and particle toughness 
at the two levels of PEI. At the higher level of glutaraldehyde, particle toughness was improved while the 
activity was n t improved at the higher chitosan level. Various levels of chitosan at a third level of PEI wer 

60 used in the immobilization process (Examples 28—30). The results, set out in Tab! 3, show that above the 
optimum level of chitosan enzyme recovery is reduc d. 



65 
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TABLE 3 



Immobilized enzyme 



5 






Reagents 
ig/i ot ceu slurry; 




Particle 

toughness* 
(%) 


Activity 
(IGIU/gm) 






• Example 


PE! 


GA 


Chit. 


gm/1 




7 


10.0 


10.0 


2.5 


100 


421 


105 


10 


25 


10.0 


10.0 


7.5 


142 


492 


112 




8 


10.0 


20.0 


2.5 


162 


402 


109 


IS 


26 


10.0 


20.0 


7.5 


182 


389 


110 




10 


20.0 


• 10.0 


2.5 


152 


409 


1 lH 


20 


27 


20.0 


10.0 


7.5 


147 


480 


120 




28 


2.5 


10.0 


6.3 


70 


529 


100 


25 


29 


2.5 


10.0 


12.5 


73 


576. 


105 




30 


2.5 


10.0 


25.0 


104 


425 


117 



30 * See Table 1. 

Examples 31—35 ... . . r 

PEI samples of various molecular weight were used in the immobilization process described in 
Example 1. The results are set out in Table 4 which shows that the high molecular weight PEI worked best. 
35 The immobilization in which the lower molecular weight PEI's were used caused a type of flocculated cell 
mass that could not be recovered by the usual manner of filtration. It is possible that by altering the levels 
of the PEI and/or glutaraldehyde and/or chitosan a suitable flocculant could be obtained. 



TABLE 4 



40 



Immobilized enzyme 







PEI 
Mol wt. 




Reagents 
g/I cell slurry 




Particle 
toughness** 
(%) 


Activity 
(IGIU/gm) 




45 


Example 


PEI 


GA 


Chit. 


gm/l 




31* 


Uncertain 


8.1 


4.0 


2.0 


14 


601 


88 


50 


32 


P-12 


8.1 


4.0 


2.0 




Could not filter 




33 


P-18 


8.1 


4.0 


2.0 




Could not filter 






34 


P-150 


8.1 


4.0 


2.0 




Could not filter 




55 


35 


P-600 


8.1 


4.0 


2.0 


67 


828 


101 



* PEI from Kodak as 50% solids 
**See Table 1. 

60 Examples 36—40 

Th rder in which glutaraldehyde and chitosan are added in Example 1 were interchanged. Table 5 
demonstrates the activity and particle toughness observed by interchanging the order of addition of 
glutaraldehyde and chitosan at various levels of PEL Greater immobilized enzyme activity was obtained 
when glutaraldehyde was added last although particle toughness was somewhat reduced. 

65 
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TABLE 5 



Immobilized enzyme 



5 


Example 


1 


Reagents 
g/l cell slurry 

2 


3 


Particle 

(%) 


MCUVily 

(IGlU/gm) 


gm/l 






PEI 

rti 


GA 


Chit 

will l. 








10 


36 


10.0 


7.5 


2.5 


143 


670 


113 

1 1 w 






PEI 


Chit. 


GA 










37 


10.0 


2.5 


7.5 


157 


. 639 


128 


15 




PEI 


GA 


Chit. 










38 


15.0 


7.5 


2.5 


185 


587 


125 






PEI 


Chit. 


GA 










39 


15.0 


2:5 


7.5 


163 


638 


134 


20 


M 


















PEI 


GA 


Chit. 










24 


20.0 


10.0 


2.5 


258 


383 


117 






PEI 


Chit 


GA 








25 


40 


20.0 


2.5 


10.0 


216 


652 


113 



*See Table 1. 



Example 41 

30 Heat treated cell slurry, prepared as described in Example 1, was diluted with two volumes of water. To 
the cell slurry was added 15 grams of PEI, 2.5 grams of chitosan and 7.5 grams of glutaraldehyde per liter of 
undiluted cell slurry using the procedure of Example 1. The cell mass was collected and dewatered to about 
75% moisture in a 12 inch basket centrifuge. Fermentations are run under as identical conditions as 
possible but cells isolated from various fermentations are not completely identical as far as the texture of 

35 the immobilized mass i$ concerned. Therefore, depending on the batch, the preferred moisture level for 
forming the spherical particles will vary somewhat between 71 and 75% moisture. The cell cake was 
extruded through a 1.0 mm die onto the revolving plate of a spheronizing machine comprising a milled 
friction plate as rotor situated in a cylinder such that the cylinder provides a stationary wall for the plate 
while allowing it freedom to rotate. The milled plate had a diameter of 23 cm and was milled in the 

40 configuration of 2 mm pitch and 1 mm in height. The plate was rotated at a speed of 600 RPM to provide a 
tangential velocity of 7.2 meters per second for a period of about 2 minutes whereupon the spheronized 
extrudate was discharged from the machine through an aperture by centrifugal force. The spheronized 
particles were then dried in a fluid bed dryer (Aeromatic AG f Model No. 1) with inlet air temperature of 
about 68°C. This procedure yielded 108 grams of dried material per liter of cell slurry. This preparation of 

45 immobilized glucose isomerase was assayed at 437 IGIU per gram of 20/40 mesh particle size and had 442 
particle toughness (relative to 100 in Example 1). A 10 gram (30/40 mesh) portion of this immobilized 
enzyme was hydrated in 40% (w/w) DS (dry solids) glucose at pH 8.0 containing 4.1 mM magnesium and 
250 ppm S0 2 at 25°C for one hour. The hydrated enzyme slurry was then placed in a 60°C water bath for 
about two hours and then transferred to a 100x1.5 cm glass jacketed column. Prior to adding the enzyme 

so particles to the column, a small plug of glass wool was placed on the bottom plate followed by the addition 
of 5 ml of 20/40 mesh alumina particles. The temperature of the column was maintained at 60°C. Glucose 
feed was then perculated down through the bed at a flow rate to maintain a fructose conversion of 
42 — 44%. Table 6 illustrates the activity with respect to time, and the productivity as grams DS of 42% 
fructose per gram of enzyme. The activity decay profile indicates that about 58 days were required to reach 

55 the half-life. At the half-life, about 5,060 grams of DS (42% fructose) was produced per gram of immobilized 
enzyme. 



€0 
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TABLE 6 

Stability and productivity of immobilized F. arborescens at 60°C using 40% DS (w/w) glucose containing 4.1 
mM Mg 2+ , and 250 ppm S0 2 at pH 8.0 at 25°C (see Example 41 for more details) 



5 


Time 
luays; 


Relative 

activity 


Productivity 
(a DS) (a enzl' 




q 


mn 


104 


to 


H.5? 




554 




1ft ft 




1126 




14.8 


86 


1632 


15 


ZU.U 


ft? 


£ 1 JO 




9ti ft 


on 
OU 




20 


- oU. I 




^n77 




OA Q 


oy 


oh/z 




40.0 


65 


3871 


25 


AA Q 


OZ 






via Q 


K7 


45 ft 1 
43g I 


30 


ft 


OH 






RQ Q 
99*9 


47 


51 fid 




64.9 


42 


5430 


35 


69.9 


36 


5646 




74.9 


30 


5824 


40 


79.8 


24 


5967 




84.9 


21 


6092 




87.9 


18 


6159 



Example 42 

This example demonstrates that extracellular enzyme can be immobilized by this fixation process. Cell 
broth of R arborescens was centrifuged in the usual manner. The cell slurry was diluted with Dl water to 
34% by volume of the culture broth. The diluted cell slurry was homogenized in a Manton-Gaulin 
so homogenizer at 8,000—10,000 psi. The cell material was passed through the homogenizer three times. The 
degree of solubilizing the enzyme by homogenization is given in the following table. 

TABLE 7 



Soluble activity 

55 Material % of total 

Cell slurry 2 

1st homogenate 31 

60 

2nd homogenate 52 

3rd homogenate 58 

65 Fixation filtrate 4 
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The cell material homogenized three times was then immobilized in the following manner. 10 (iters of 
homogenized cell slurry was adjusted to pH 8.0 and then incubated at 70°C for 15 min. and cooled to about 
25°C. Cross-linking was carried out by adding 1038 ml of 5% PEl (p-600, C rdova) followed by 3460 ml of 
.25% chit san and lastly adding 347 ml of 10% glutaraldehyde. The pH of the cell mixture was then 

5 adjusted to 8.0. Upon addition of glutaraldehyde, complete cell aggregation to k place as judged by the 
clear supernatant fluid. The aggregat d cell material was collected in a 30.5 cm (12 inch) basked centrifuge. 
The cell cake was then extruded and shap d in spherical particles by the process described in Example 41 . 

The glucose isomerase activity remaining in the filtrate fluid was found to be only 4% of the total 
activity (Table 7). This result indicates that practically all the soluble activity was immobilized. The results of 

io immobilization are shown in- the following table. 

TABLE 8 

g/liter Cell slurry Immobilized enzyme 



15 



20 



60 



Toughness 

Example Treatment PEl Chit GA IGIU/I g/l (%)* 

' "42 Homogenized 29.6 4.9 19.8 476 . 139 - 382 1 

» • *• * •* 

* See Table 1. 



Example 43 

The culture broth of Streptomyces olivaceous containing glucose isomerase was immobilized in the 
25 following manner: Culture broth from S. olivaceous fermentation was used for immobilization. The growth 
of S. olivaceous is mainly composed of mycelium, whereas in the case of F. arborescens the growth is 
more of the cellular type. Two liters of culture broth were adjusted to pH 9.0 followed by the addition of 20 
ml of 10% PEl (P-600, Cordova) which caused a small amount of flocculation to occur. Next, 30 ml of 10% 
glutaraldehyde was added which did not cause any apparent increase in the flocculation. Then, 1.5 liter of 
30 0.25% chitosan was added causing complete aggregation of the mycelium. The immobilized cell material 
was collected by filtration and extruded as in Example 1. The table below summarizes the results. 

TABLE 9 

35 Reagent Immobilized enzyme 

g/liter of culture broth 



Particle 



Example PEl GA Chit toughness (%)* IGlU/g g/liter 

43 1.0 1.5 1.9 257 260 1 0.0 

* See Table 1. 
Example 44 

45 Immobilization of Bacillus licheniformis mutant glucose isomerase. 

The following illustrates the immobilization process in which the reagents are added in the order of 
chitosan-glutaraldehyde-PEI. The growth of B. licheniformis is more like F. arborescens; i.e., cellular, not 
mycelium. To 1 liter of culture broth adjusted to pH 7.0 was added 20 ml of 10% glutaraldehyde. The cell 
mixture was diluted with 2 volumes of water, and then 25 ml of 5% PEl (Kodak, molecular weight range 

so uncertain) was added, which caused the cells to aggregate. The immobilized cell mass was collected by 
filtration and further treated as in Example 1. The table below summarizes the immobilization process. 

TABLE 10 

Reagent 

55 g/liter of culture broth Immobilized enzyme 



Example Chit GA PEl IGlU/g* g/liter 

44 .06 1.0 1.25 96.7 13.4 

* Assayed at 70°C. 



Example 45 

Immobilization of glucose isomerase from L licheniformis. This example illustrat s the immobilization 
65 process of adding the reagents in the order of GA-Chit-PEI. To 1 liter of culture broth that was adjusted to 
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pH 7.5 was added 250 ml of 1% glutaraldehyderwhile th pH was maintained at 7.5. Then 1 liter of .2% 
chitosan was added t the culture broth, followed by the addition of 38.4 ml of 5% PEI (Kodak, molecular 
weight rang uncertain). The cell aggregate was collected by filtration and further treated as in Example 1. 
The table below summarizes the fixation process. 

5 

TABLE 11 

Reagent 

g/Iiter of culture broth Immobilized enzyme 

to - = r- 

Example GA Chit PEI IGlU/g* g/liter 



45 2.5 2.0 1.9 99 15.1 
'is * Assayed at 70°C. 

Example 46 

Another example of the immobilization of glucose isomerase produced from B. licheniformis. For this 
example, 4 liters of B. licheniformis culture broth were adjusted to pH 7.5 and then incubated at 70°C for 15 
20 min. After cooling to' about 25°C, 2 liters of 0.2% chitosan were then added. The pH of the ceil mixture was 
then adjusted to 9.0 prior to adding 1 00 ml of 10% glutaraldehyde. Then 80 ml of 5% PEI was added. During 
the addition of glutaraldehyde and PEI the pH of the mixture was maintained at 9.0. The aggregated cell 
mass was collected by filtration and extruded and dried as in Example 1. The results of the fixation process 
are given in the following table. 

25 

TABLE 12 

Reagents 

g/liter of culture broth Immobilized enzyme 

30 ■ 

Example Chit GA PEI IGlU/g* gm/liter Toughness** 

46 1.0 2.5 1.0 142 113 500 

35 * Assayed at 70°C 
** See Table 1. 

Claims 

40 1. A method for the immobilization of an enzyme producing microorganism or an enzyme produced 
thereby which method, is characterized by forming a reaction product by the steps of: 

a) introducing to an aqueous medium containing an enzyme or a mass of bacterial cells containing an 
intracellular enzyme an aqueous solution of a poiyethylenimine (PEI) having a molecular weight of at least 
500 Daltons with a primary amino group content of at least 10 weight percent of the polymer's amino 

45 groups; 

b) adding glutaraldehyde and an aqueous solution of chitosan to the aqueous medium to form a 
cross-linked reaction product; and 

c) removing the cross-linked reaction product from the aqueous medium and drying it to provide an 
end product having biocatalytic activity. * 

50 2. The method of claim 1, characterized in that the biocatalyst is in the form of a mass of enzym 
producing bacterial celts. 

3. The method of any of claims 1 to 2, characterized in that the molecular weight range is from 40,000 to 
60,000 Daltons. 

4. The method of any of claims 1 to 3, characterized in that the PEI is placed in aqueous solution at a 
55 concentratioan of 1 to 10 weight percent before its introduction to the aqueous medium. 

5. The method of any of claims 1 to 4, characterized in that the amount of PEI is from 2 to 22 weight 
percent of the immobilized cell mass. 

6. The method of any of claims 1 to 5, characterized in that the amount of chitosan employed is from 0,5 
to 22 weight percent of the immobilized enzyme preparation. 

60 7. The method of claim 6, characterized in that the amount of chitosan is from 3.5 to 10%. 

8. The method of any of claims 1 to 7, characterized in that the amount of glutaraldehyde employed is 
in an amount of from 4 to 26 weight p rcent of th immobiliz d enzyme preparation. 

9. The method of claim 8, characterized in that th amount of glutaraldehyde is from 7 to 15 percent. 

10. A method for the preparation of an immobilized enzym composition characterized by the steps of: 
65 (a) introducing to an aqueous medium containing a mass of viable enzyme producing cells an aqueous 
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solution containing from 1 to 10 weight percent of poiyethylenimine having a molecular weight in the 
range of from 40,000 to 60,000 Daltons and a primary amino group content of at least 10 weight percent of 
the polymer's amino groups in sufficient quantity to provide PEI in an amount of from 2 to 22 weight 
percent of the immobilized enzyme preparation; 

(b) adding glutaraldehyde in an amount of f r m 7 to 15 weight percent of the immobilized enzyme 
preparation and an aqueous solution of chitosan in a quantity sufficient to provide chitosan in an amount of 
from 3.5 to 10 weight percent of the immobilized enzyme preparation to the aqueous medium to form a 
cross-linked reaction product; and 

(c) removing the cross-linked reaction product from the aqueous medium and drying it to provide an 
end product having biocatalytic activity. 

11. A method for the production of a spherical immobilized enzyme preparation characterized by th 
steps of: 

(a} introducing to an aqueous medium containing an enzyme or a mass bacterial cells containing an 
intracellular enzyme an aqueous solution of polyethyenimine (PEI) having a molecular weight of at least 
500 Daltons with a primary amino group content of at least 10 weight percent of the polymer's amino 
groups; 

(b) adding glutaraldehyde in an amount of from 4 to 26% of the immobilized enzyme preparation and 
an aqueous solution of chitosan in an amount sufficient to provide chitosan in an amount of from 0.5 to 22 
weight percent of the immobilized enzyme preparation to form a cross-linked reaction product; 

(c) removing the cross-iinked reaction product from the aqueous medium and partially drying it to form 
a wet cake; 

id) extruding the wet cake through an orifice onto the rotating plate of a spheronizing device which 
comprises a milled friction plate as rotor situated in a cylinder such that the cylinder provides a stationary 
wall for the plate while allowing it to rotate to thereby form the desired product. 

12. The method of claim 11, characterized in that the wet cake contains from 68 to 76 weight percent 
water. 

13. The method of any of claims 11 and 12, characterized in that the plate is rotating at a speed 
sufficient to provide a tangential velocity of from 4.5 to 12 meters per second. 

14. A method for the preparation of a spherical, immobilized enzyme preparation characterized by the 
steps of: 

(a) introducing to an aqueous medium containing a mass of viable enzyme producing cells an aqueous 
solution containing from 1 to 10 weight percent of poiyethylenimine having a molecular weight in the 
range of from 40,000 to 60,000 Daltons and a primary amino group content of at least 10 weight percent of 
the polymer's amino groups in sufficient quantity to provide PEI in an amount of from 2 to 22 weight 
■ percent of the immobilized enzyme preparation; 

(b) adding glutaraldehyde in an amount of from 7 to 15 weight percent of the immobilized enzyme 
preparation and an aqueous solution of chitosan in a quantity sufficient to provide chitosan in an amount of 
from 3.5 to 10 weight percent of the immobilized enzyme preparation to the aqueous medium to form a 
cross-linked reaction product; 

(c) removing the cross-linked reaction product and partially drying it to form a wet cake containing 
from 68 to 76 weight percent water; 

(d) extruding the wet cake through an orifice onto the plate of a spheronizing device which comprises^ 
milled friction plate as rotor situated in a cylinder such that the cylinder provides a stationary wall for the 
plate while allowing it to rotate wherein said plate is rotated at a speed sufficient to provide a tangential 
velocity of from 4.5 to 12 meters per second during the extrusion step and for a time sufficient to form the 
desired product 

15. The method of claim 14, characterized in that the enzyme producing cells are those of a strain of F. 
arborescens capable of producing glucose isomerase. 

16. The method of any of claims 14 and 15, characterized in that the strain is ATCC 4358. 

Patentanspruche 

1. Verfahren zum Immobilisieren von enzymbildenden Mikroorganismen oder eines dadurch 
gebildeten Enzyms, dadurch gekennzeichnet, dass man ein Reaktionsprodukt durch die folgenden Stufen 
bildet: 

(a) Einfuhren in ein wassriges Medium, enthaltend ein Enzym oder eine Masse von Bakterienzellen, 
enthaltend ein intrazellulares Enzym, einer wassrigen Losung eines Polyethylenimins (PEI) mit einem 
Molekulargewicht von wenigstens 500 Daltons mit einem pnimaren Aminogruppengehalt von wenigstens 
10 Gew.%, bezogen auf die Aminogruppen des Polym rs, 

(b) Zugabe von Glutarald hyd und einer wassrigen L"sung von Chitosan zu dem wassrigen M dium 
unter Ausbildung eines vernetzten Reaktionsproduktes und 

(c) Entfernen des vernetzten Reaktionsproduktes von dem wassrigen Medium und trocknen desselben 
unter Erhalt eines Endproduktes mit einer bi katalytischen Aktivitat. 

2. Verfahren gemass Anspruch 1, dadurch gekennz ichnet, dass der Biokatalysator in Form einer 
Masse von enzymbildenden Bakterienzellen vorliegt. 
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3. Verfahren gemass einem der Anspruche 1 Oder 2, dadurch gekennzeichnet, dass der 
Molekufargewichtsbereich von 40.000 bis 60.000 Daltons betragt. 

4. Verfahren gemSss einem der Anspruche 1 bis 3, dadurch gekennzeichnet, dass di PEI in Form einer 
wassrigen Losung mit einer Konzentrati n von 1 bis 10 Gew.% vorliegt, bevor man sie zu dem wSssrigen 

, 5 Medium gibt. 

5. Verfahren gemass einem der Anspruche 1 bis 4, dadurch g kennzeichnet, dass die M nge an PEI 2 
bis 22 Gew.% der immobilisierten Zellmasse betragt. 

6. Verfahren gemass einem der Anspruche 1 bis 5, dadurch gekennzeichnet, dass die Menge dess 
verwendeten Chitosans 0,5 bis 22 Gew.% der immobilisierten Enzymzubereitung betragt. 

jo 7. Verfahren gemass Anspruch 6, dadurch gekennzeichnet, dass die Menge an Chitosan 3,5 bis 10 % 
betragt. 

8. Verfahren gemass einem der Anspruche 1 bis 7, dadurch gekennzeichnet, dass die Menge des 
verwendeten Glutaraldehyds einer Menge von 4 bis 26 Gew.% der immobilisierten Enzymzubereitung 
entspricht. 

75 9. Verfahren gemass Anspruch 8, dadurch gekennzeichnet, dass die Menge des Glutaraldehyds 7 bis 15 
% betragt. 

10. Verfahren zur Herstellung einer immobilisierten Enzymzusammensetzung, gekennzeichnet durch 
folgende Stufen: 

(a) Einfuhren in ein wassriges Medium, enthaltend eine Masse von lebenden snzymproduzierenden 
20 Zellen einer* wassrigen Losung, enthaltend 1 bis 10 Gew.% an Polyethylenimin mit einem 
Molekulargewicht im Bereich von 40.000 bis 60.000 Daltons und mit einem Gehalt an primaren 
Aminogruppen von wenigstens 10 Gew.% der Aminogruppen in dem Polymer in einer ausreichenden • 
Menge, so dass PEI in einer Menge von 2 bis 22 Gew.%, bezogen auf die immobilisierte Enzymzubereitung, 
vorliegt, 

25 _ (b) Zugabe von Glutaraldehyd in einer Menge von 7 bis 15 Gew.%, bezogen auf die immobilisierte 
Enzymzubereitung, und einer wassrigen Losung von Chitosan in einer Menge, die ausreicht, um Chitosan 
in einer Menge von 3,5 bis 10 Gew.%, bezogen auf die immobilisierte Enzymzubereitung, zur Verfugung zu 
stellen, zu dem wassrigen Medium unter Ausbildung eines vernetzten Reaktionsproduktes, und 

(c) Entfernen des vernetzten Reaktionsproduktes aus dem wassrigen Medium und Trocknen desselb n 

30 unter Erhalt eines Endproduktes mit biokatalytischer Aktivitat. 

11. Verfahren zur Herstellung einer kugelformigen immobilisierten Enzymzubereitung, gekennzeichnet 
durch die folgenden Schritte: 

(a) Einfuhren in ein wassriges Medium, enthaltend ein Enzym oder eine Masse von Bakterienzellen, 
enthaltend ein intrazellulares Enzym einer wassrigen Losung aus Polyethylenimin (PEI) mit einem 

35 Molekulargewicht von wenigstens 500 Daltons mit einem Gehalt an primaren Aminogruppen von 
wenigstens 10 Gew.%, bezogen auf die Aminogruppen des Polymers, 

(b) Zugabe von Glutaraldehyd in einer Menge von 4 bis 26 % der immobilisierten Enzymzubereitung 
und einer wassrigen Losung von Chitosan in einer Menge die ausreicht, um Chitosan in einer Menge von 
0,5 bis 22 Gew.% der immobilisierten Enzymzubereitung zur Verfugung zu stellen und unter Ausbildung 

40 eines vernetzten Reaktionsproduktes, 

(c) Entfernen des vernetzten Reaktionsproduktes aus dem wassrigen Medium und partelles Trocknen 
desselben unter Ausbildung eines feuchten Kuchens, 

(d) Extrudieren des feuchten Kuchens.durch die Offnung auf eine rotierende Platte einer Kugeiform- 
Ausbildungseinrichtung, die aus einer aufgerauhten Friktionsplatte als Rotor besteht, weicher in einem 

45 Zylinder derart eingebracht ist, dass ser Zylinder eine stationare Wandung fur die Platte bildet und diese 
darin rotieren kann, wodurch das gewunscht Produkt erhalten wird. 

12. Verfahren gemass Anspruch 11, dadurch gekennzeichnet dass der feucht Kuchen 68 bis 76 Gew.% 
Wasser enthalt. 

13. Verfahren gemass einem der Anspruche 11 und 12, dadurch gekennzeichnet, dass die Platte mit 
so einer Geschwindigkeit rotiert die ausreicht, um eine Tangentialgeschwindigkeit von 4,5 bis 12 m/sek. zu 

erheben. " ' 

14. Verfahren zur Herstellung von kugelformigen immobilisierten Enzymzubereitungen, 
gekennzeichnet durch folgende Stufen: 

(a) EinfGhren in ein wassriges Medium, enthaltend eine Masse von lebenden enzymproduzierenden 
55 Zellen, einer wassrigen Losung, enthaltend 1 bis 10 Gew.% Polyethylenimin mit einem Molekulargewicht 

im Bereich von 40.000 bis 60.000 Daltons und mit einem Gehalt an primaren Aminogruppen von 
wenigstens 10 Gew.% der in dem Polymer vorhandenen Aminogruppen in einer ausreichenden Menge, 
um einen PEI-Gehalt von 2 bis 22 Gew.% der immobilisierten Enzymzubereitung zu ergeben, 

(b) Zugabe von Glutaraldehyd in einer Menge von 7 bis 15 Gew.% der immobilisierten 
60 Enzymzubereitung und einer wassrigen Losung von Chitosan in einer ausreichenden Menge, um Chitosan 

in einer Menge von 3,5 bis 10 Gew.% der immobilistert n Enzymzubereitung zur Verfugung zu stellen, zu 
dem wassrigen Medium unter Ausbildung eines vernetzten Reaktionsproduktes, 

(c) Entfernen des vernetzten Reaktionsproduktes und Teiltrocknung desselben unter Ausbildung eines 
feuchten Filterkuchens mit 68 bis 76 Gew.% Wasser, 

65 (d) Extrudieren des feuchten Filterkuchens durch die Offnung auf eine Platte einer Kugelbildungs- 
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vorrichtung, die aus einer aufgerauhten Friktionsplatt als Rotor besteht, w Iche sich in einem Zylinder 
derart befindet, dass der Zylinder eine stationare Wandung fur die Platte bilde und diese darin rotieren 
lasst, wobei die Platte mit einer Gewchwindigkeit rotiert wird, die ausreicht, urn eine Tangential- 
geschwindigkeit von 4,5 bis 12 m/sek. wahrend der Extrusionsstufe und wahrend einer Zeit, die zur Bildung 
5 des gewunschten Produktes ausreicht, zu ergeben. 

15. Verfahren gemass Anspruch 14, dadurch gekennzeichnet, dass die enzymbildenden Zellen solche 
vom Stamm F. arborescens sind, welche Glucoseisomerase zu bilden in der Lage sind. 

16. Verfahren gemass einem der Anspruche 14 und 15, dadurch gekennzeichnet, dass der Stamm . 
ATCC 4358 ist. 

10 

Revendications 

1. Procede pour immobiliser un microorganisme producteur d'enzyme ou un enzyme ainsi produit, 
precede caracterise par la formation d'un produit reactionnel par les eta pes consistant: 

is a) a introduire dans un milieu aqueux contenant un enzyme ou une masse de cellules bacteriennes 
renfermant un enzyme intraceilulaire une solution aqueous d'une polyethylene-imine (PEI) ayant un poids 
moieculaire d'au moins 500 daltons, avec une teneur en groupes amino primaires d'au moins 10 % en 
poids des groupes amino du polymere; 

b) a ajouter du glutaraldehyde et une solution aqueuse de chitosane au milieu aqueux pour former un 
* 20 produit de reaction reticule; et \ 

c) a separer le produit de reaction reticule du milieu aqueux et a le secher pour obtenir un produit final 
doue d'activite biocatalytique. 

2. Procede suivant la revendication 1, caracterise en ce que (e biocatalyseur est sous la forme d'une 
masse de cellules bacteriennes productrices d'enzyme. 

25 3. Procede suivant Tune des revendications 1 et 2, caracterise en ce que ta plage de poids moleculaires 
va de 40 000 a 60 000 daltons. 

4. Procede suivant Tune quelconque des revendications 13 3, caracterise en ce que la PEI est mise en 
solution aqueouse a une concentration de 1 a 10 % en poids avant d'etre introduce dans le milieu aqueux. 

5. Procede suivant Tune quelconque des revendications 1 a 4, caracterise en ce que la quantite de PEI 
30 va de 2 a 22 % en poids de la masse cellulaire immobilisee. 

6. Procede suivant I'une quelconque des revendications 1 h 5, caracterise en ce que la quantite de 
chitosane utilisee va de 0,5 d 22 % en poids de la preparation enzymatique immobilisee. 

7. Procede suivant la revendication 6, caracterise en ce que la quantite de chitosanne va de 3,5 a 10 %. 

8. Procede suivant I'une quelconque des revendications 1 £ 7, caracterise en ce que la quantite de 
35 glutaraldehyde utilisee est une quantite allant de 4 a 26 % en poids de la preparation enzymatique 

immobilisee. 

9. Procede suivant la revendication 8, caracterise en ce que la quantite de glutaraldehyde va de 7 a 15 

%. 

10. Proced^ de preparation d'une composition enzymatique immobilisee, caracterise par les etapes 
40 consistant: 

(a) a introduce dans un milieu aqueoux contenant une masse de cellules viables produisant un 
enzyme, une solution aqueuse contenant 1 a 10 % en poids de polyethylene-imine ayant un poids 
moieculaire de 40 000 a 60 000 daltons et une teneur en groupes amino primaires d'au moins 10 % en 
poids des groupes amino du polymere en quantite suffisante pour introduire la PEI en une quantite de 2 a 

45 22 % en poids de la preparation enzymatique immobilisee; 

(b) d ajouter du glutaraldehyde en une quantite de 7 a 15 % en poids de la preparation enzymatique 
immobilisee et une solution aqueous de chitosane en une quantite suffisante pour introduire du chitosane 
en une quantite de 3,5 & 10 % en poids de la preparation enzymatique immobilisee, au milieu aqueux pour 
former un produit de reaction reticule; et 

50 (c) a separer le produit de reaction reticule du milieu aqueux et k le secher pour obtenir un produit final 
doue d'activite biocatalytique. 

11. Procede de production d'une preparation enzymatique immobilisee spherique, caracterise par les 
etapes consistant: 

(a) d introduire dans un milieu aqueux contenant un enzyme ou une masse de cellules bacteriennes 
55 renfermant un enzyme intraceilulaire, une solution aqueuse de polyethylene-imine (PEI) ayant un poids 

moieculaire d'au moins 500 daltons, avec une teneur en groupes amino primaires d'au moins 10 % en 
poids des groupes amino du polymere; 

(b) a ajouter du glutaraldehyde en une quantite de 4 & 26 % de la preparation enzymatique immobilisee 
et une solution aqueuse de chitosane en une quantite suffisante pour introduire du chitosane en une 

60 quantite de 0,5 a 22 % en poids de la preparation enzymatique immobilisee, pour former un produit de 
reaction reticule; 

(c) a separer le produit de reaction reticule du milieu aqueoux t a le secher partiellement pour former 
un gateau humid ; 

(d) h extruder le gateau humide par un orifice sur le plateau tournant d'un dispositif produisant d s 
65 corps spheriques, qui comprend un plateau de friction m lete comme rotor situe dans un cylindre, de telle 
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maniere que le cylindre constitue une parol fixe pour I plateau tout n lui perm ttant de tourner de 
maniere a faconner ainsi le produit desirS. , 

12. Proc6d6 suivant fa revendication 11, caracterise en ce que le gateau humide contient 68 a 76 /o en 

POld 13?p5cSd6 suivant I'une des r vendications 11 1 12, caract'rise en ce que le plateau tourne a une 
Vitesse suffisante pour creer une vitesse tangentielle de 4,5 a 12 m/s. 

14. Precede de production d'une preparation enzymatique immobilisee sphenque, caractSnse par les 

etaP ( e a S ) i inTroduire dans un milieu aqueux contenant une masse de cellules viables productrices d'enzyme, 
une solution aqueuse contenant 1 a 10 % en poids de polyethylene-imine ayant un poids moleculaire 
compris dans I'intervalle de 40 000 a 60 000 daitons et une teneur en groupes amino pnmaires d au moms 
10 % en poids des groupes amino du polymSre en quanta suffisante pour introduire de la PEI en un 
ouantite de 2 a 22 % en poids de la preparation enzymatique immobilisee; 

(b) a aiouter du glutaraldehyde en une quantite de 7 a 15 % en poids de la preparation enzymatique 
immobilisee et une solution aqueuse de chitosane en quantite suffisante pour introduire une quantite de 
3,5 a 10 % en poids de la preparation enzymatique immobilisee, au milieu aqueux pour former un produit 

reactionne^r^ r §actionnel reticule et a le secher partiellement pour former un gateau humide 

contenant 68 a 76 % en poids d'eau; - j - * j 

(d) a extruder le gateau humide par un orifice debouchant sur le plateau d un dispositrf produisant des 

corps sphSriques qui comprend un plateau de friction molete comme rotor situeS dans un cylindre de telle 

manure que le cylindre constitue une paroi fixe pour ie plateau tout en lui permettant de tourner, en sorte 
* que ledit plateau tourne a une vitesse suffisante pour cr6er une vitesse tangenttelie de 4,5 a 12 m/s pendant 

('operation d'extrusion et pendant une duree suffisante pour fa$onner le produit desir6. 

15 Procede suivant la revendication 14, caracterisS en ce que les cellules productrices d enzyme sont 

des cellules de la souche F. arborescens capable de produire de la glucose-isomSrase. 

16. Proc6d<§ suivant I'une quelconque des revendications 14 et 15, caract<§ris6 en ce que la souche a la 

denomination ATCC 4358. 
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